Introduction
============

Colorectal cancer (CRC) is one of the most common malignancies associated with high recurrence incidence and poor prognosis ([@b1-or-41-01-0279]). Although diagnostic methods and comprehensive treatment have been developed over the past decades, the mortality rate of CRC remains as the second and third highest-ranked cancer in male and female patients, respectively, in the USA ([@b2-or-41-01-0279]) and is ranked fifth in China ([@b3-or-41-01-0279]). The liver is the most common metastatic site of CRC. It is estimated that 15--25% of patients with CRC have synchronous liver metastasis, which is detected at the time of the initial diagnosis. Another 20% of patients with CRC have heterochronous liver metastases, which typically develops following resection of the primary tumor ([@b4-or-41-01-0279]). Liver metastasis is one of the leading causes of cancer-associated mortalities in patients with CRC. The 5-year overall survival rate of patients with liver metastatic CRC is only 25--40%, which is markedly lower compared with patients without liver metastasis (69.5--95.7%) ([@b5-or-41-01-0279]). Since the morbidity and mortality of liver metastatic CRC remains high, identifying the causes, molecular mechanisms and molecular biomarkers for early prediction and personalized therapy is important and urgently required.

MicroRNAs (miRNAs) are short (21--25 nucleotide) non-coding RNAs involved in the translational and post-transcriptional regulation of gene expression. miRNAs promote the translational repression or degradation of their targets by binding to the complementary sequences in the 3′-untranslated region of target mRNAs, thus affecting multiple signaling pathways ([@b6-or-41-01-0279]). Recent studies have suggested the critical role of miRNAs (miRs) in various physiological and pathological processes in CRC, including metastasis ([@b7-or-41-01-0279]). For example, miR-21, miR-31, miR-103, miR-107 and miR-122 have been implicated in tumor local invasion; and the miR-17-91 cluster (miR-17, miR-18a, miR-19a/b, miR-20a and miR-92a), miR-21, miR-126 and miR-155 may be involved in tumor intravasation, circulation and extravasation ([@b7-or-41-01-0279]). Therefore, identifying diagnostic and therapeutic miRNAs could additionally be of great clinical significance.

The microarray technique is increasingly being used for life science research purposes. Bioinformatics data-mining of gene and non-coding RNA expression microarray data is a useful tool for identifying novel significant genes and non-coding RNAs involved in the pathogenesis of diseases, providing valuable insights and a basis for further novel research ([@b8-or-41-01-0279]). In the present study, 3 gene expression profile datasets, GSE41258 ([@b9-or-41-01-0279]), GSE68468 ([@b10-or-41-01-0279]) and GSE81582-GPL15207 ([@b11-or-41-01-0279]), and 4miRNA expression profile datasets, GSE35834 ([@b12-or-41-01-0279]), GSE44121, GSE72199 ([@b13-or-41-01-0279]) and GSE81582-GPL16384 ([@b11-or-41-01-0279]) were downloaded from the Gene Expression Omnibus (GEO). The GEO2R online tool was used to identify the differentially expressed (DE) genes (DEGs) and DE miRNAs of primary CRC tumor tissues and liver metastatic CRC tumor tissues. Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways enrichment analyses were conducted for the DEGs. A protein-protein interaction (PPI) network of the DEGs was constructed and the hub genes with a higher degree of connectivity were selected. Target genes of these DE miRNAs were predicted using online datasets, and novel miRNA-mRNA regulatory axes were constructed, which were expected to serve vital roles in the liver metastasis of CRC, and to thus serve as novel biomarkers for diagnosis and therapy of CRC.

In the present study, 3 DE miRNAs were identified, namely miR-10b, miR-122 and miR-885. Among them, the function and mechanism of miR-885 in tumorigenesis and progression remain unclear. Previous studies revealed that miR-885 served as a tumor suppressor by reducing matrix metalloproteinase-9 (MMP-9) expression ([@b14-or-41-01-0279]), repressing cyclin-dependent kinase 2 and DNA replication licensing factor MCM5 expression ([@b15-or-41-01-0279]) and inhibiting Wnt/β-catenin signaling ([@b16-or-41-01-0279]). A recent study observed that miR-885 was overexpressed in CRC liver metastasis and induced CRC metastasis by targeting cytoplasmic polyadenylation element-binding protein 2 (CPEB2) ([@b17-or-41-01-0279]). In the present study, the results demonstrated that miR-885 promoted metastasis of CRC *in vitro*, and that von Willebrand factor (vWF) and insulin-like growth factor binding protein 5 (IGFBP5) are potential novel target genes of miR-885, indicating that the miR-885/vWF and miR-885/IGFBP5 axes may serve roles in the metastasis of CRC.

Materials and methods
=====================

### Microarray data

The bioinformatics analysis was conducted following the procedure presented in [Fig. 1](#f1-or-41-01-0279){ref-type="fig"}. The primary CRC tumor tissues and CRC liver metastatic tumor tissue gene expression profiles of GSE41258, GSE68468 and GSE81582-GPL15207, and the miRNA expression profiles of GSE35834, GSE44121, GSE72199, and GSE81582-GPL16384, were obtained from NCBI-GEO (<http://www.ncbi.nlm.nih.gov/geo>), a free database of microarray profiles and next-generation sequencing. The microarray data of GSE41258 and GSE68468 were based on the GPL96 platform (\[HG-U133A\] Affymetrix Human Genome U133A Array), including 186 primary CRC tumor tissues and 47 CRC liver metastatic tumor tissues. GSE81582-GPL15207 was based on the GPL15207 platform (\[PrimeView\] Affymetrix Human Gene Expression Array), including 23 primary CRC tumor tissues and 19 CRC liver metastatic tumor tissues. GSE35834 was based on the GPL8786 platform \[(miRNA-1) Affymetrix Multispecies miRNA-1 Array\], including 31 primary CRC tumor tissues and 24 CRC liver metastatic tumor tissues. GSE44121 was based on the GPL16231 platform (Nanostring nCounter Human microRNA Expression Platform), including 9 primary CRC tumor tissues and 9 CRC liver metastatic tumor tissues. GSE72199 was based on the GPL15018 platform \[Agilent-031181 Unrestricted_Human_miRNA_V16.0_Microarray 030840 (Feature Number version)\], including 28 primary CRC tumor tissues and 8 CRC liver metastatic tumor tissues. GSE81582-GPL16384 was based on GPL16384 \[(miRNA-3) Affymetrix Multispecies miRNA-3 Array\], including 23 primary CRC tumor tissues and 19 CRC liver metastatic tumor tissues.

### Identification of DEGs and DE miRNAs

The GEO2R online tool (<https://www.ncbi.nlm.nih.gov/geo/geo2r/>), which allows users to compare two or more groups of samples in a GEO series, was applied to detect DEGs and DE miRNAs of primary CRC tumors and CRC liver metastatic tumors. P\<0.05 and \|log fold change (FC)\| ≥1 were set as the cut-off criteria.

### GO functional analysis and KEGG pathway enrichment analysis of DEGs

GO functional analysis is a useful method for annotating genes and identifying characteristic biological attributes for high-throughput genome or transcriptome data ([@b18-or-41-01-0279]). KEGG incorporates a wide range of databases, including those on genomes, biological pathways, diseases, drugs and chemical substances ([@b19-or-41-01-0279]). The GO functional analysis and KEGG pathway enrichment analysis of DEGs were conducted using Database for Annotation, Visualization and Integrated Discovery (DAVID; <http://david.ncifcrf.gov/>), an online bioinformatics database that aims to provide tools for the functional interpretation of genes or proteins ([@b20-or-41-01-0279]). P\<0.05 was set as the cut-off criterion.

### PPI network and module analysis

The online database STRING (<http://string-db.org>) ([@b21-or-41-01-0279]) was used to develop a PPI network. Cytoscape software ([@b22-or-41-01-0279]) was used to construct a PPI network and analyze the interactions of the DEGs. The cytoHubba plug-in was used to identify hub genes. The Molecular Complex Detection (MCODE) plug-in was used to screen modules of the PPI network in Cytoscape with a degree cut-off =2, node score cut-off =0.2, k-core =2 and max depth =100. The KEGG pathway enrichment analysis of genes in the top module was performed using DAVID.

### Predicting the target genes of DE miRNAs

To search for the targets of DE miRNAs, the miRanda (<http://www.mocrorna.org>) ([@b23-or-41-01-0279]), PITA (<http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html>) ([@b24-or-41-01-0279]), TargetScan (<http://www.targetscan.org/>) ([@b25-or-41-01-0279]), miRDB (<http://www.mirdb.org/>) ([@b26-or-41-01-0279]) and miRWalk (<http://mirwalk.uni-hd.de/>) ([@b27-or-41-01-0279]) online databases were used. The genes identified in ≥4 databases were considered as targets of DE miRNAs. The regulatory network between DE miRNAs and DEGs, which screened for predicted target genes, was further constructed to search for key molecules and axes in CRC liver metastasis.

### Comparison of the expression level of target genes

The Gene Expression Profiling Interactive Analysis (GEPIA; <http://gepia.cancer-pku.cn/index.html>) is an online tool, which delivers fast and customizable analysis for RNA sequencing expression data based on The Cancer Genome Atlas and GTEx databases, which include data on 9,736 tumors and 8,587 normal samples ([@b28-or-41-01-0279]). GEPIA provides key interactive and customizable functions, including differential expression analysis between cancer and normal tissues. Through its use, it could be determined whether the expression of target genes of DE miRNAs differed between CRC tissues and normal mucosa. A boxplot was constructed to visualize any altered expression.

### Cell culture and transfection

The human CRC cell lines SW480 and LoVo, obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China), were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS) (ScienCell Research Laboratories, Inc., San Diego, CA, USA) and 1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.). Cells were cultured at 37°C in an incubator with 5% CO~2~.

SW480 and LoVo cells were cultured in 12-well plates and transfected with miR-885 mimics, inhibitor and miRNA negative control (NC) sequences that were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). Transfection was conducted using Lipofectamine^®^ 3000 (Thermo Fisher Scientific, Inc.) The cells were harvested at 48 h after transfection for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis, and migration analysis.

### Wound-healing assay

A scratch wound-healing assay was used to assess SW480 and LoVo cell migration. Subsequent to transfection for 48 h, the cells were digested and a total of 3×10^5^ cells/well were seeded into 12 well-plates and cultured overnight. Wounds were subsequently created using 10-µl sterile tips. Cell migration distances were measured using an inverted microscope (Olympus Corp., Tokyo, Japan) at 0, 24 and 36 h.

### Transwell migration assay

A Transwell migration assay was performed using 24-well Transwell plates with 8-µm pores (Corning Incorporated, Corning, NY, USA) to assess the migration of SW480 and LoVo cells. In total, 1×10^5^ cells in 200 µl FBS-free DMEM were placed in the upper Transwell chamber. Subsequently, 700 µl 30% FBS DMEM was added to the lower chamber as a chemoattractant. Following cell culture for 24 h, the non-invasive cells in the upper chamber were washed with cotton swabs. Migrated cells at the bottom of the membrane were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet for visualization. Cells were counted in five respective fields at an ×200 magnification using a light microscope (Olympus Corp.).

### RNA extraction and RT-qPCR

Total RNA was extracted from cells with TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Subsequently, cDNA was synthesized from 2 µg total RNA and quantification of miR-885 was performed using an miRNA 1st Strand cDNA Synthesis kit (by stem-loop; Vazyme Biotech Co., Ltd., Nanjing, China). Real-time PCR was performed using an Applied Biosystems StepOne Real-Time PCR system, using ChamQ™ SYBR^®^ qPCR Master Mix (High ROX Premixed; Vazyme), containing 5 ng cDNA and 10 pM of each primer. The cycling conditions consisted of 1 cycle at 95°C for 30 sec; 40 cycles at 95°C for 10 sec; and 60°C for 30 sec. Melting curve analysis was conducted for each PCR reaction to confirm the specificity of amplification. The concentration of miR-885 was calculated based on the quantification cycle (Cq), and the relative expression levels were calculated as 2^−∆∆Cq^ \[∆∆Cq = (Cq~miR-885~ - Cq~U6~) mimics or inhibitor - (Cq~miR-885~ - Cq~U6~) NC)\] following normalization with reference to the quantification of U6 expression.

As for the target genes, RT was conducted with HiScript^®^ II Q RT SuperMix for qPCR (+gDNA wiper; Vazyme) according to the manufacturer\'s protocol. The expression level of target genes was normalized to GAPDH and calculated as 2^−∆∆Cq^. The primers wereas follows: U6 forward (F): TCGCTTCGGCAGCACATA and reverse (R): TTTGCGTGTCATCCTTGC\]; miR-885 (F: GCGCGTCCATTACACTACCCT and R: AGTGCAGGGTCCGAGGTATT); IGFBP5 (F: TGAAGGCTGAAGCAGTGAAGAAGG and R: TTGTCCACGCACCAGCAGATG); vWF (F: GGCGGCAACAGGACCAACAC and R: GGAGGAGCCATCCAGGAGAAGG); and GAPDH (F: ACAACTTTGGTATCGTGGAAGG and R: GCCATCACGCCACAGTTTC).

### Statistical analysis

All data were analyzed using GraphPad Prism 6.0 statistical software (GraphPad Software, Inc., La Jolla, CA, USA) and SPSS 22.0 (IBM Corp., Armonk, NY, USA). The two-tailed paired Student\'s t-test was conducted for the analysis of two groups. One-way analysis of variance (ANOVA) test and Bonferroni post hoc test were used for evaluating differences among multiple groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Screening for DEGs

In total, 284, 444 and 397 DEGs were extracted from the gene expression profile datasets GSE41258, GSE68468 and GSE81582-GPL15207, respectively, using P\<0.05 and \|logFC\| ≥1 as cut-off criteria. Subsequently, 13, 15, 776 and 59 DE miRNAs were extracted from the miRNA expression profile datasets GSE35834, GSE44121, GSE72199 and GSE81582-GPL16384, respectively. Following integrated bioinformatics analysis, a total of 141 consistent DEGs (including 97 upregulated genes and 44 downregulated genes) and 3 consistent DE miRNAs (2 upregulated and 1 downregulated) were identified from the 3 gene and 4 miRNA expression profile datasets ([Fig. 2A and B](#f2-or-41-01-0279){ref-type="fig"}), respectively, in the primary CRC tumor tissues, compared with liver metastatic CRC tumor tissues ([Fig. 2C and D](#f2-or-41-01-0279){ref-type="fig"}).

### GO functional analysis and KEGG pathway enrichment analysis

DAVID was used to conduct GO functional analysis and KEGG pathway enrichment analysis. GO describes genes from three aspects, namely molecular function (MF), cellular component (CC) and biological process (BP) ([@b29-or-41-01-0279]). In the BP group, upregulated DEGs were primarily enriched in 'acute-phase response', 'platelet degranulation', 'negative regulation of endopeptidase activity', 'fibrinolysis', 'negative regulation of fibrinolysis', 'lipoprotein metabolic process', 'retinoid metabolic process', 'steroid metabolic process', 'cholesterol efflux' and 'blood coagulation' ([Fig. 3A](#f3-or-41-01-0279){ref-type="fig"}). Downregulated DEGs were primarily enriched in 'collagen catabolic process', 'proteolysis', 'extracellular matrix disassembly', 'positive regulation of B cell activation', 'phagocytosis, recognition', 'phagocytosis, engulfment', 'negative regulation of BMP signaling pathway', 'B cell receptor signaling pathway', 'extracellular matrix organization' and 'complement activation, classical pathway' ([Fig. 4A](#f4-or-41-01-0279){ref-type="fig"}).

In the CC group, upregulated DEGs were primarily enriched in 'blood microparticle', 'extracellular region', 'extracellular space' and 'extracellular exosome' ([Fig. 3B](#f3-or-41-01-0279){ref-type="fig"}). Downregulated DEGs were primarily enriched in the 'extracellular region', 'proteinaceous extracellular matrix', 'extracellular space', 'extracellular exosome' and 'blood microparticle' ([Fig. 4B](#f4-or-41-01-0279){ref-type="fig"}).

In the MF group, upregulated DEGs were primarily enriched in 'serine-type endopeptidase inhibitor activity', 'lipase inhibitor activity', 'heparin binding', 'endopeptidase inhibitor activity', 'receptor binding', 'phosphatidylcholine-sterol O-acyltransferase activator activity', 'lipid transporter activity', 'phospholipid binding', 'monooxygenase activity' and 'cholesterol transporter activity' ([Fig. 3C](#f3-or-41-01-0279){ref-type="fig"}). Downregulated DEGs were primarily enriched in 'serine-type endopeptidase activity', 'immunoglobulin receptor binding', 'collagen binding', 'fibronectin binding', 'antigen binding', 'extracellular matrix structural constituent', 'peptidase activator activity', 'metalloendopeptidase activity' and 'receptor agonist activity' ([Fig. 4C](#f4-or-41-01-0279){ref-type="fig"}).

In the KEGG pathway enrichment analysis, upregulated DEGs were primarily enriched in 'complement and coagulation cascades', 'drug metabolism-cytochrome P450', 'metabolism of xenobiotics by cytochrome P450', 'chemical carcinogenesis', 'retinol metabolism', 'steroid hormone biosynthesis', 'tyrosine metabolism', 'staphylococcus aureus infection', 'linoleic acid metabolism' and 'metabolic pathways' ([Fig. 3D](#f3-or-41-01-0279){ref-type="fig"}).

### Hub gene identification with DEGs PPI and modular analysis

Using the STRING online database and Cytoscape software, a total of 122 DEGs (94 upregulated and 28 downregulated genes) of the 141 commonly altered DEGs were filtered into the DEGs PPI network complex, containing 93 nodes and 971 edges ([Fig. 5A](#f5-or-41-01-0279){ref-type="fig"}), and 19 of the 141 DEGs were not included in the DEGs PPI network. The top 10 hub genes, including albumin (ALB), coagulation factor II, thrombin (F2), alipoprotein H (APOH), serpin family C member 1 (SERPINC1), apolipoprotein A1 (APOA1), α-1-microglobulin/bikunin precursor (AMBP), apolipoprotein C3 (APOC3), plasminogen (PLG), α-2 HS glycoprotein (AHSG) and apolipoprotein B-100 (APOB), were identified using the cytoHubba plug-in, with a higher degree of connectivity ([Fig. 5B](#f5-or-41-01-0279){ref-type="fig"}). On the basis of the degree of importance, the most significant module was detected from the PPI network complex using the MCODE plug-in, which included 32 nodes and 399 edges ([Fig. 5C](#f5-or-41-01-0279){ref-type="fig"}). The KEGG pathway enrichment analysis demonstrated that the module primarily associated with 'complement and coagulation cascades', 'platelet activation' and 'the PPAR signaling pathway' ([Fig. 5D](#f5-or-41-01-0279){ref-type="fig"}).

### DE miRNA-DEGs regulatory network construction

Subsequent to predicting the target genes of 3 DE miRNAs (miR-10b, miR-122 and miR-885) from five databases, integrated analysis between predicted target genes and DEGs were conducted to select the target DEGs. In total, 20 target DEGs were obtained, and a novel DE miRNA-DEGs regulatory network in CRC liver metastasis was constructed ([Fig. 6](#f6-or-41-01-0279){ref-type="fig"}).

### Comparison of DE miRNAs and the expression level of target genes

In order to further examine the role of DE miRNAs and these target DEGs in CRC, further analysis of the expression level of DE miRNAs in CRC tumor tissues and normal mucosa in GSE35834 and GSE81582-GPL16384 was conducted. Similar significant expression differences of these DE miRNAs were identified between CRC tumor and normal mucosa ([Fig. 7A and B](#f7-or-41-01-0279){ref-type="fig"}). The GEPIA database was used to compare the expression level of these genes between normal mucosa and CRC tissues. Among the 20 target DEGs, consistent with the downregulation in liver metastases, the expression of IGFBP5, microfibril associated protein 5 (MFAP5), myosin heavy chain 11 (MYH11) and vWF were significantly downregulated (P\<0.05; \|logFC\| ≥1) in CRC tissues compared with normal mucosa ([Fig. 7C](#f7-or-41-01-0279){ref-type="fig"}).

### miR-885 promotes CRC cell migration in vitro

The role of miR-122 and miR-10b in CRC has been widely investigated; however, few previous studies have focused on the role of miR-885 in CRC. To evaluate the possible functions of miR-885 in CRC progression, miR-885 mimics and inhibitor were transfected into SW480 and LoVo cells to obtain cells with overexpression and low expression of miR-885 ([Fig. 8A and B](#f8-or-41-01-0279){ref-type="fig"}). The effects of miR-885 on the migration of CRC cells were observed by Transwell migration assays and wound healing assays. It was revealed that overexpression of miR-885 promoted the migration abilities of the CRC cells *in vitro*. Additionally, the inhibition of miR-885 suppressed the migration abilities of CRC ([Fig. 8C-F](#f8-or-41-01-0279){ref-type="fig"}).

### miR-885 decreases vWF and IGFBP5 expression in CRC

In order to verify the regulatory networks of miR-885/vWF and miR-885/IGFBP5, PCR analysis was performed. The results demonstrated that the vWF and IGFBP5 mRNA expression levels were significantly downregulated in miR-885-overexpressing cells; whereas, these expression levels were upregulated in the cells with low expression of miR-885 ([Fig. 9](#f9-or-41-01-0279){ref-type="fig"}).

Discussion
==========

A number of pre-clinical and clinical studies have been conducted to reveal the underlying mechanisms of CRC liver metastasis in the past decades; however, the incidence and mortality of CRC liver metastasis remain high. This is primarily due to the majority of the studies focusing on a single genetic event, or the results were generated from a single cohort study ([@b30-or-41-01-0279]). In the present study, 3 gene expression profile datasets were integrated and 141 commonly altered DEGs (97 upregulated and 44 downregulated) were identified. The 141 DEGs were classified into three groups (BP, CC and MF groups) by GO terms, and the KEGG pathway enrichment analysis of the DEGs was conducted using the DAVID database. Finally, the DEGs PPI network was constructed, and the top 10 hub genes and the most significant module was filtered from the PPI network.

Through integrated bioinformatics analysis, 10 hub genes were identified, including ALB, F2, APOH, SERPINC1, APOA1, AMBP, APOC3, PLG, AHSG and APOB with a high degree of connectivity. Among them, APOH, APOA1, APOC3 and APOB belong to the apolipoprotein family, and their biological functions are primarily involved in the lipoprotein metabolism process and cholesterol transport ([@b31-or-41-01-0279]). Multiple previous studies have demonstrated that apolipoproteins additionally serve a role in the occurrence and development of varies malignancies ([@b32-or-41-01-0279]). APOA1 is the principal protein constituent of high-density lipoprotein that interact with ATP-binding cassette subfamily A member 1, ATP-binding cassette subfamily G member 1 and lecithin cholesterol acyltransferase to promote cholesterol efflux from cells to the liver for excretion ([@b33-or-41-01-0279]). By eliminating excessive cholesterol, APOA1 exerts anti-inflammatory, anti-apoptotic and antioxidant activities, thus serving a protective role against cancer; chronic inflammation, oxidative stress, lipids and cholesterol have all been associated with tumorigenesis ([@b33-or-41-01-0279]). In addition, APOA1 suppresses tumor growth by inhibiting myeloid-derived suppressor cells and their immuno-suppression for tumor growth, invasion and metastasis, by decreasing MMP-9 expression ([@b34-or-41-01-0279]). A recent study demonstrated that serum APOA1 was significantly decreased in patients with CRC ([@b35-or-41-01-0279]), and that a low serum APOA1 expression level was associated with poor survival and advanced stage in CRC ([@b36-or-41-01-0279]). However, the present bioinformatics analysis demonstrated a significant increase in APOA1 expression level in liver metastatic CRC tissues, indicating a stimulatory effect of APOA1 in CRC metastasis. The role of APOB, APOC3 and APOH in the tumorigenesis and metastasis of CRC remains unclear. However, a high APOB expression level was associated with increased lung cancer incidence ([@b32-or-41-01-0279]), and the APOB-100 gene polymorphisms may be associated with increased risk of gallstones and gallbladder cancer ([@b37-or-41-01-0279]). APOC3 was overexpressed in multiple hepatocellular carcinoma (HCC) family case studies and may be involved in HCC familial aggregation ([@b38-or-41-01-0279]). APOH, additionally termed β2 glycoprotein I, was observed to affect endothelial cell growth and angiogenesis ([@b39-or-41-01-0279]), and serve roles in lipopolysaccharide-induced signal transduction involved in promoting the development of HCC ([@b40-or-41-01-0279]). Therefore, further pre-clinical and clinical studies are required to determine the exact role and mechanisms of these apolipoproteins in CRC liver metastasis.

Furthermore, other hub genes may additionally be involved in the metastasis of CRC. AMBP is a glycoprotein that is normally highly expressed in the liver and may be detected in plasma and urine ([@b41-or-41-01-0279]). AMBP is able to hydrolyze into two distinct functional proteins, α-1-microglobulin and bikunin, which are involved in multiple biological processes, including cell growth, cellular calcium uptake and inflammation ([@b41-or-41-01-0279]). At present, there is no study, to the best of our knowledge, examining the role of AMBP in CRC. However, it was documented that AMBP was overexpressed in patients with gastric cancer, and a high expression level of serum AMBP was associated with poor response to paclitaxel-capecitabine chemotherapy in patients with advanced gastric cancer ([@b41-or-41-01-0279]). AHSG is a negative acute phase protein in humans, primarily produced by the liver. Accumulating evidence suggests that it is a multifunctional protein capable of modulating the etiology of diabetes and other metabolic diseases ([@b42-or-41-01-0279]), and promoting the invasion of tumor cells ([@b43-or-41-01-0279]). Furthermore, upregulated AHSG was determined in CRC, which may be used as a diagnostic marker for CRC ([@b44-or-41-01-0279]). The PLG system serves a crucial role in the process of immune response, angiogenesis, invasion and metastasis, which are crucial for cancer progression ([@b45-or-41-01-0279]). A previous study demonstrated that PLG deficiency markedly reduced the number of pulmonary metastases in a mouse breast cancer model, indicating the stimulatory role of PLG in tumor metastasis ([@b46-or-41-01-0279]).

Additionally, the most significant module was filtered from the PPI network, among which the majority of the corresponding genes were mostly associated with complement and coagulation cascades. It was demonstrated that cancer increases the risk of thrombosis by a 4.1-fold ([@b47-or-41-01-0279]), and results in the hyperactivation of coagulation and clotting abnormalities in cancer, referred to as Trousseau\'s syndrome. Additional symptoms include venous thromboembolism, deep vein thrombosis, disseminated intravascular coagulation and pulmonary embolism ([@b48-or-41-01-0279]). Recent evidence has demonstrated that hypercoagulation and activation of complement cascades promote the pro-tumorigenic phenotype of immune cells and protect tumor cells from immune attack, ultimately favoring tumor development, progression and metastases formation ([@b49-or-41-01-0279]).

Tumor-promoting inflammation serves an important role in carcinogenesis and cancer progression. As an important component of tumor-promoting inflammation, activation of the complement system promotes cancer cell proliferation, dedifferentiation and migration ([@b50-or-41-01-0279]). Complement activation regulates the adaptive immune response and may play a role in regulating the T-cell response to tumors ([@b50-or-41-01-0279]). In addition, specific experimental and clinical evidence suggests a reciprocal interaction between complement and coagulation. Complement may induce hyperactivation of the coagulation cascade by modifying cellular membranes, inducing platelet activation and aggregation, and stimulating the production of tissue factor in human neutrophils ([@b49-or-41-01-0279]).

The formation of CRC metastases in liver requires primary CRC cells to adapt to growing in a different and harsh environment. This adaptation requires multiple alterations in gene expression, which may be translationally and post-transcriptionally regulated through the up- or downregulation of multiple miRNAs ([@b51-or-41-01-0279]). Therefore, 3 gene expression profile datasets were integrated, common DEGs were identified and bioinformatics methods were used to analyze these datasets thoroughly. Furthermore, 3 miRNA expression profile datasets were integrated and 3 common DE miRNAs (two upregulated miRNAs, miR-122 and miR-885, and one downregulated miRNA, miR-10b) were identified. Additionally, similarly significant expression differences of these DE miRNAs were additionally observed between CRC tumor and normal mucosa, suggesting an oncogenetic or tumor suppressive role of these DE miRNAs. In agreement with the present study, recent studies observed an upregulation of miR-885 and miR-122, and a downregulation of miR-10b in liver metastatic CRC tissues, suggesting that they serve as metastasis-specific miRNAs ([@b52-or-41-01-0279],[@b53-or-41-01-0279]). In addition, high miR-885 expression was statistically significantly associated with poor prognosis in patients with CRC, and serum miR-885 expression was statistically significantly associated with lymph node metastasis, distant metastasis, tumor, node, metastasis (TNM) stage, liver metastasis and lymphatic invasion ([@b52-or-41-01-0279]). A recent study demonstrated that miR-885 serves a crucial role in liver metastasis by enhancing cell invasiveness, and regulating the epithelial-mesenchymal transition pathway by silencing CPEB2 ([@b17-or-41-01-0279]). However, in contrast to the consistently decreased expression level in liver metastatic CRC tissues in different previous studies, the expression of miR-10b is paradoxical in CRC tissues compared with normal adjacent mucosa ([@b12-or-41-01-0279],[@b54-or-41-01-0279]), and high miR-10b expression was statistically significantly associated with poor prognosis in patients with CRC ([@b12-or-41-01-0279],[@b54-or-41-01-0279]). Additionally, increased miR-10b expression was statistically significantly different among T stage, distant metastasis and advanced TNM stage ([@b52-or-41-01-0279],[@b55-or-41-01-0279]). Therefore, whether miR-10b is an oncogenic miRNA or a tumor suppressor in CRC requires further investigation.

Additionally, to unveil a comprehensive regulatory network and screen out key molecules and axes in CRC liver metastasis, a DE miRNA-DEGs regulatory network was constructed, in which, the miR-122/IGFBP5, miR-122/MFAP5, miR-122/MYH11, miR-885/IGFBP5 and miR-885/vWF axes may serve critical roles in the occurrence and metastatic process of CRC. IGFBP5 is a member of the family of insulin-like growth factor-binding proteins, which has been demonstrated to regulate cell growth, differentiation, apoptosis and modulate the metastatic process in the development of multiple cancer types ([@b56-or-41-01-0279]). However, the expression of IGFBP5 varies from different types of cancer and it serves as either an oncogene or tumor suppressor in different tumors ([@b56-or-41-01-0279]). Unlike the present predictions, a previous study demonstrated that IGFBP5 was upregulated in CRC ([@b57-or-41-01-0279]) and promoted CRC metastasis ([@b58-or-41-01-0279]). vWF is a protein that modulates adherence of platelets to the subendothelium during primary hemostasis, which is crucial in the initiation of the hemostatic or thrombotic process ([@b59-or-41-01-0279]). vWF serves pro- and antitumor roles in different cancer types ([@b60-or-41-01-0279]). Clinical studies demonstrated that high vWF plasma expression levels were associated with advanced tumor stage and the presence of distant metastasis in CRC ([@b61-or-41-01-0279]). However, the cleavage of vWF by a disintegrin and metalloproteinase 28 enhanced tumor metastasis, indicating an anti-metastatic role of vWF ([@b62-or-41-01-0279]). The present experiments demonstrated that miR-885 promotes CRC migration, which may decrease vWF and IGFBP5 expression, at least partially, indicating that the miR-885/vWF and miR-885/IGFBP5 axes may serve roles in the metastasis of CRC. However, the present results require *in vivo* and further experiments, including luciferase reporter assays, for confirmation.

In summary, the present bioinformatics analysis identified 10 hub genes, including ALB, F2, APOH, SERPINC1, APOA1, APOC3, AMBP, PLG, AHSG and APOB, and 3 DE miRNAs, namely miR-10b, miR-122 and miR-885. The hub genes and DE miRNAs may be used as novel biomarkers for predicting the liver metastasis of CRC. Additionally, a DE miRNA-DEGs regulatory network was constructed, which may help to elucidate the underlying molecular mechanisms of liver metastasis of CRC. Furthermore, the present experiments demonstrated that miR-885 promoted CRC cell migration by, at least partially, decreasing vWF and IGFBP5 expression. In order to obtain more accurate correlation results, a large number of clinical samples and further experiments are required to validate the present results and elucidate the underlying mechanisms of how these key genes and miRNAs impact liver metastasis of CRC. The present study may provide insight for future diagnosis and genomic therapy for liver metastatic CRC.
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![Flow diagram of bioinformatics analysis.](OR-41-01-0279-g00){#f1-or-41-01-0279}

![Identification of consistent DEGs and DE miRNA between primary CRC tumor tissues and liver metastatic CRC tumor tissues. (A) Venn plot for consistent DEGs. (B) Venn plot for consistent DE miRNAs. (C) List of consistent DEGs, including 97 upregulated DEGs and 44 downregulated DEGs. (D) List of consistent DE miRNAs, including two upregulated DE miRNAs, and one downregulated DE miRNAs. DEGs, differentially expressed genes; DE, differentially expressed; CRC, colorectal cancer; miRNAs, microRNAs.](OR-41-01-0279-g01){#f2-or-41-01-0279}

###### 

GO and KEGG pathway enrichment analysis of upregulated DEGs. (A) Biological process. (B) Cellular component. (C) Molecular function. (D) KEGG pathway enrichment analysis. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes.
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![GO enrichment analysis of downregulated DEGs. (A) Biological process. (B) Cellular component. (C) Molecular function. GO, Gene Ontology; DEGs, differentially expressed genes.](OR-41-01-0279-g04){#f4-or-41-01-0279}

![PPI network and module analysis. (A) PPI network of DEGs. The pink nodes indicated upregulated genes and the blue nodes indicated downregulated genes. The edge thickness was proportional to the combined score of the genes. (B) Top 10 hub genes with a higher degree of connectivity. (C) Top module screened from the PPI network. (D) KEGG pathway enrichment analysis of the top module. PPI, protein-protein interaction; DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Genes and Genomes.](OR-41-01-0279-g05){#f5-or-41-01-0279}

![DE miRNAs-DEGs regulatory network. The pink nodes indicated upregulated DEGs, the blue nodes indicated downregulated DEGs, and the white nodes indicated DE miRNAs. The thick lines indicated the regulation relationship between DE miRNAs and DEGs, while the thin lines indicated the relationship between DEGs. DE, differentially expressed; miRNAs, microRNAs; DEGs, differentially expressed genes.](OR-41-01-0279-g06){#f6-or-41-01-0279}

![Expression level of DE miRs and target DEGs in CRC and normal mucosa. Expression level of miR-10b, miR-122 and miR-885 in CRC and normal mucosa in (A) GSE35834 and (B) GSE81582-GPL16384. \*P\<0.05, \*\*P\<0.01. (C) The expression level of IGFBP5, MFAP5, MYH11 and vWF in CRC and normal mucosa based on TCGA database analyzed by GEPIA. The red plot represents tumor tissues and the grey plot represents normal mucosa. \*P\<0.05 and \|logFC\|≥1 were set as the criteria. DE, differentially expressed; miR, microRNA; DEGs, differentially expressed genes; CRC, colorectal cancer; IGFBP5, insulin-like growth factor binding protein 5; MFAP5, microfibril associated protein 5; MYH11, myosin heavy chain 11; TCGA, The Cancer Genome Atlas; FC, fold change; vWF, von Willebrand factor; GEIPA, Gene Expression Profiling Interactive Analysis.](OR-41-01-0279-g07){#f7-or-41-01-0279}

![miR-885 promotes the migration of CRC cells *in vitro*. (A and B) Expression of miR-885 in SW480 and LoVo cells transfected with inhibitor, mimics or the negative control was detected by polymerase chain reaction assays. (C and D) Transwell migration assays. Representative images and quantification of Transwell migration assays of SW480 and LoVo cells following miR-885 overexpression and knockdown. (E and F) Wound-healing assay of SW480 and LoVo cells at 0 and 36 h. Error bars represent the mean ± standard deviation from three independent experiments. \*P\<0.05, \*\*P\<0.01. miR, microRNA; CRC, colorectal cancer.](OR-41-01-0279-g08){#f8-or-41-01-0279}

![miR-885 decreases vWF and IGFBP5 expression. (A and B) Expression of miR-885 in SW480 and LoVo cells transfected with inhibitor, mimics or the negative control was detected by PCR. (C and D) PCR analysis of vWF and IGFBP5 mRNA expression in the LoVo cells. Error bars represent the mean ± standard deviation from three independent experiments. \*P\<0.05, \*\*P\<0.01. miR, microRNA; vWF, von Willebrand factor; IGFBP5, insulin-like growth factor binding protein 5; PCR, polymerase chain reaction.](OR-41-01-0279-g09){#f9-or-41-01-0279}
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